We study CP violating B decays in the minimal supersymmetric standard model with R-parity violation. We estimate how much R-parity violation modifies the SM predictions for CP asymmetries in B decays within the present bounds. The effects of R-parity-and lepton-number-violating couplings on the ratio of the decay amplitude due to R-parity violation to that of the SM can differ by one or two orders of magnitudes depending on basis. It is possible to disentangle the R-parity violating effects from those of the SM and R-parity-conserving supersymmetric models within the present basis-independent bounds. We also study the effects of R-parity-and baryonnumber-violating couplings and find that the effects could be large.
I. INTRODUCTION
In the upcoming experiments at B factories, the large data samples will be acquired [1] . One of the most important objects of these experiments is a search for CP violation in B decays. The large data on B meson will enable us to probe the physics beyond the standard model (SM) via CP violating B decays. In a supersymmetric extension of the SM, there are many potential sources for CP violation in addition to the SM CKM phase. So, the SM predictions on CP asymmetries in B decays can be modified. Nondiagonality of the sfermion mass matrices in a basis where all the couplings of neutral gauginos to fermions and sfermions are flavor diagonal can change the SM predictions on CP violation [2] . The SM predictions can also be modified by the so-called R-parity-violating terms.
In supersymmetric models, there are gauge invariant interactions which violate the baryon number B and the lepton number L generically. To prevent presence of these B and L violating interactions in supersymmetric models, an additional global symmetry is required. This requirement leads to the consideration of the so called R-parity. The R-parity is given by the relation R p = (−1) (3B+L+2S) where S is the intrinsic spin of a field. Even though the requirement of R p conservation gives a theory consistent with present experimental searches, there is no good theoretical justification for this requirement. Therefore models with explicit R p violation (R p / ) have been considered by many authors [3] . In this paper, we wish to study CP violating B decays in the minimal supersymmetric standard model (MSSM) with R p / . We investigate how much R p / modifies the SM predictions for CP asymmetries in B decays within the present bounds. We emphasize that the effects of R p and L violation on the ratio of the decay amplitude due to R p / to that of the SM can differ by one or two orders of magnitudes depending on basis. We also study the effects of R p and B violation.
In the MSSM the most general R p violating superpotential is given by
Here i, j, k are generation indices and we assume that possible bilinear terms µ i L i H 2 can be rotated away. L i and Q i are the SU(2)-doublet lepton and the quark superfields and E There are upper bounds on a single L-and R p -violating couplings from several different sources [4] [5] [6] [7] 9] . Among these, upper bounds from atomic parity violation and eD asymmetry [4] , ν µ deep-inelastic scattering [4] , neutrinoless double beta decay [5] , ν mass [6] , K + , t−quark decays [7, 8] , and Z decay width [9] are strong. Neutrinoless double beta decay gives λ and λ ′′ 113 < 10 −4 from the double nucleon decay and n −n oscillation respectively.
In this paper we assume that all masses of scalar partners which mediate the processes are 100 GeV. Extensive reviews of the limits on a single R p violating couplings can be found in [10] .
There are more stringent bounds on some products of the R p violating couplings from the mixings of the neutral K-and B-mesons and the rare leptonic decays of the K L -meson, the muon and the tau [8] , bb productions at LEP [11] , the rare leptonic and semileptonic B 0 decays [12] [13] [14] , muon(ium) conversion, and τ and π 0 decays [15] . The CP violating decays of B-meson can be induced by the baryon number violating couplings as well as by the lepton number violating ones. But, the baryon number and the lepton number violating couplings can not coexist in order to avoid too fast proton decays. So we will consider the baryon number violating case and the lepton number violating one separately.
About the baryon number violating coupling, there is a very strong upper bound on λ ′′ 112 < 10 −15 from the proton decay in gauge-mediated supersymmetry breaking models independently of the lepton number violating couplings [16] . Recently, the study of one-loop structure of the proton decay into very light gravitino or axino shows that all the baryon number violating couplings are constrained as λ ′′ any < 10 −6 even though these bounds depend on the precise value of the gravitino mass or the scale of spontaneous U(1) P Q breaking [17] .
This paper is organized as follows. In section II, we introduce the general formalism for the CP asymmetry in the case where the decay amplitude contains contributions from two terms. In section III, we consider the effects of R p -and lepton-number-violating couplings on the CP asymmetries of neutral B-meson. And the effects of R p -and baryon-numberviolating couplings on the CP asymmetries are considered in section IV. We conclude in section V.
II. GENERAL FORMALISM
The time dependent CP asymmetry is defined as
where f CP denotes the CP eigenstates into which the neutral B meson decay, and B 0 (t) andB 0 (t) are the states that were tagged as pure B d andB d at the production. This CP asymmetry can be rewritten by
where ∆M is the mass difference between the two physical states, and
Here λ is given by
New Physics (NP) modifies the SM predictions on both φ M and A. NP affects B -B mixing phase as follows
where
where r M ≡ |M If NP contributions to A are dominated by one term and the size of the contribution is larger than that of the sub-leading SM corrections, A can be written as follows
where A SM,NP are real magnitudes, φ 1,2 are CP violating phases and δ 1,2 are CP conserving phases. For the sizes of the sub-leading SM corrections and the contributions of the R pconserving supersymmetric model, see Ref. [18] .
to the first order in r D . For the rest of this paper, we concentrate on a sin f CP
. To this end we write
However for r D ≥ 1, δφ D can take any value. In the following two sections, we will calculate r D for several CP violating decay modes. Note that NP contribution to the mixing phase φ M is universal for all kinds of decay modes. So, one can identify NP contributions to CP violating B decays independently of the NP contribution to the mixing by considering two different decay modes simultaneously.
III. R P AND L VIOLATION
In this section, we consider the effects of R p and the lepton number violating couplings (λ ′ ) assuming the baryon number violating couplings λ ′′ 's vanish. Firstly we assume V CKM is given by only down-type quark sector mixing. In this case, r M and r D (B d → ψK S , φK S ) are estimated in Ref. [19] as follows,
and
In this section, we wish to investigate other decay modes and discuss how much the effects of R p / differ depending on bases. From Eq. (1), we obtain the following four-fermion effective Lagrangian due to the exchange of the sleptons
From the above effective Lagrangian, we calculate the amplitudes A for the several decay modes under the factorization assumption and the results are shown in the Appendix.
In Table I , we show the R-parity-and lepton-number-violating product combinations which significantly contribute to each process assuming V CKM is given by only down-type quark sector mixing. For the decay mode B d → ψK S , there are four kinds of competitive contributions and the most significant one comes from λ ′ 332 λ ′ 333 within presend bounds 1 . Typically, the constraints are order of 10 −4 or 10 −3 . The decay modes with 10 sfermion mass matrices to these decay modes, see the second paper of Ref. [18] . And the upcoming B experiments will initially take data at Υ(4s) where only the B d can be studied and the mode B d → π 0 π 0 suffers from the large SM uncertainties. For the decay mode B d → φπ 0 , the SM prediction for the branching ratio of this decay mode is quite small : [20] . Consequently, it would be hard to measure CP violation in this decay mode unless R p / enhance the branching ratio of this mode significantly. If the measured branching ratio of this mode is considerably larger than the SM prediction it could be a signal of R p and L violation. From these aspects, in near future, it is not easy to disentangle the R p -and L-violating effects from those of the SM or R p -conserving supersymmetric models by studying the CP violating B decays if V CKM is given by only down-type quark sector mixing.
Unless V CKM is given by only down-type quark sector mixing, the strong bounds |λ ′ ijk | < 0.012 with j = 1, 2 from K + -meson decays becomes invalid. In this case, the typical bounds on λ ′ ijk with i = 2, 3 are O(0.1). This means that the constraints given in Table I can become weaker by one or two orders of magnitudes. For example, let us consider the contribution of λ + decays, the constraint on this combination is 3.2 × 10 −2 from D-decay [10] . Using this basis-independent constraint, one can obtain r D (B d → ψK S ) = 7.5. Similary, we find that the typical size of r D of all decay modes is O(1) if we neglect the constraint from K + decays. It means that it is possible to disentangle the R-parity violating effects from those of the SM and R-parity-conserving supersymmetric models. In this case, one can also identify the NP effects independently of the NP contributions to the mixing by taking account of the differences between the angles φ's of the first five modes in Table II .
IV. R P AND B VIOLATION
In this section, we consider the effects of R p and the baryon number violating couplings (λ ′′ ) assuming the lepton number violating couplings λ ′ 's vanish. From Eq. (1), we obtain the following four-fermion effective Lagrangian due to the exchange of the squarks
where P L,R = (1 ∓ γ 5 )/2 and the dimensionless couplings C B / ijkl and N B / ijkl are given by
From the above effective Lagrangian, we calculate the amplitudes for several decay modes using the factorization assumption and the results are shown in the Appendix. The present bounds on λ ′′ are so poor that r D 's are generally quite large except B d → ππ mode : see Table III . Large r D means two things. One thing is that it is possible to have large CP violation completely different from the SM predictions. The other thing is that one can obtain more stringent bounds on the product combinations if the measured branching ratios of the decay modes are consistent with the SM predictions [23] .
Note that one product combination contributes to two and more decay modes, see Table  III . In this case, the differences of CP phases φ's of the decay modes are exactly the same as that of the SM.
In gauge-mediated supersymmetry breaking models, λ ′′ are severely constrained from the proton decay [16, 17] . So, the contributions of R p -and B-violating couplings to CP violating B decays can be safely ignored.
V. CONCLUSION
To conclude, we study CP violating B decays in the minimal supersymmetric standard model with R p / . We estimate how much R p / modifies the SM predictions for CP asymmetries in B decays within the present bounds. The effects of R p and L violation on the ratio of the decay amplitude due to R p / to that of the SM can differ by one or two orders of magnitudes depending on basis. It is possible to disentangle the R-parity violating effects from those of the SM and R-parity-conserving supersymmetric models within the present basis-independent bounds. We also study the effects of R p and B violation and find that the effects could be large or the contributing product combinations can be strongly constrained by the near future experiments on B mesons. The effects of R p and B violation can be ignored in gaue-mediated supersymmetric models.
A. SM
The amplitudes in SM are calculated using the effective Hamiltonian formalism. The short and long distance QCD effects in the nonleptonic decays are separated by means of the operator product expansion. For the numerical values of the wilson coefficients ( short distance effects ), we use the the values in Ref. [20] . The long distance contributions of the hadronic matrix elements are calculated under the factorization approximation.
The ± sign inB 0 → D CP π 0 (ρ 0 ) decay modes corresponds to the CP -even and CP -odd eigenstates of D CP and the same convention is applied to the R p violation case. In the numerical estimation ofB 0 → π 0 K S decay modes, we assume that
In this case, the running effects of the R p violating couplings are neglected. The hadronic matrix elements are also calculated under the factorization assumption.
InB 0 → π 0 K S andB 0 → φK S modes, we assume that the magnitudes of two form factors are approximately same.
C. R p and B violation
The decay amplitudes for R p and B violation are calculated in the similar way as the case of R p and L violation. 
InB s → φK S decay mode, we assume [21] < K S |db − |B s >< φ|ss − |0 > − < φ|sb − |B s >< K S |ds − |0 > < K S |db − |B s >< φ|ss − |0 > ≈ O(1).
